Abstract To compare the characteristics (demographic, access to care, health-related behavioral, self and family medical history, psychosocial) of women aged 40 years and above who utilize a mobile mammography unit with those women aged 40 years and above who obtain mammography screening at a stationary facility. A cross-sectional study design was used with participant cohorts comprised of women age 40 years and above throughout West Virginia (WV) who utilized mobile mammography unit to get mammogram and those who had mammography screening at the stationary facility and completed the Mammography Screening and Preventive Care Survey. A total of 1,161 women who utilized the mobile mammography unit and 1,104 women who utilized stationary facility were included in the analysis. In logistic regression after adjusting for all the variables, women who utilized mobile mammography unit were more likely to be in age group 40-49, with lower income, with no health insurance coverage, not visit doctor or obstetrician/gynecologist (OB/GYN) in the past year, not adherent to clinical breast exam and mammography screening guidelines, with lower perceived five-year risk of developing breast cancer and with high knowledge about mammography screening. Women who utilize mobile unit are not adherent to mammography screening guidelines thereby suggesting that the mobile mammography unit is indeed reaching a rural vulnerable population who may not routinely access preventive health services. Financial and insurance constraints, as well as access to medical care, restricted WV women from receiving mammography screening from the stationary screening facilities.
Introduction
Mammography screening is considered to be effective at detecting breast cancer (BC) early and reducing mortality among women at an average risk [1, 2] . Several clinical trials have shown that mammography screening reduces BC-related mortality by 20-35 % in women age 40-69 years of age [3] [4] [5] [6] [7] . Thus, utilization and adherence to mammography screening guidelines should be fostered in women age 40 years and above to reduce BC-related mortality.
West Virginia (WV) lies entirely within Appalachia and 34 out of its 55 counties are categorized as rural [8] . Moreover, 48 of WV's 55 counties are wholly or partially designated as Medically Underserved Areas by the Health Resource and Services Administration [9] . Appalachia is a predominantly rural and medically underserved region in the United States characterized by high poverty rates, low levels of education, high rates of chronic disease, and poor health behaviors [10] [11] [12] [13] . WV has a lower incidence but higher rates of advanced and unstaged BC [14] [15] [16] [17] [18] [19] , which has been attributed to lower mammography screening rates in women in WV [15] [16] [17] [18] [19] [20] . In 2010, WV was ranked 48th among all the states in the US for proportion of women having had mammography screening within the past 2 years [21] . A study on screening using the Behavioral Risk Factor Surveillance System self-reported data indicated that 74.5 % of WV women had a mammogram in the past 2 years compared to 76.6 % women nationally [20] . However, a recent study about mammography screening in WV Medicaid fee-for-service women indicated that less than 40 % of women had a mammogram related billing in [2007] [2008] within the previous 2 years although mammography screening service is covered by WV Medicaid [22] . Thus, these studies highlight the need for increasing mammography screening rates among women in WV.
Mobile mammography is one way to provide better access to women for mammography screening. Mobile mammography programs have been in use for more than two decades to overcome barriers to mammography screening and increase screening rates in rural and hardto-reach populations [23] . However, there have been very few studies about the effectiveness of mobile mammography to reach these remote populations. One recent study described women who utilized mobile mammography units and what factors influence their adherence to mammography screening guidelines [24] . Yet, this study did not determine how women who utilize mobile mammography units for screening may be different from women who get their routine screening performed at a stationary facility. Understanding the characteristics of women who utilize a mobile mammography unit compared to women who utilize a stationary facility, can help identify the determinant characteristics of these women to facilitate the development of specific targeted educational programs and interventions to increase mammography screening rates among such hard-to-reach populations. Hence, the objectives of this research study were to compare the characteristics of women aged 40 years and above who utilize a mobile mammography unit with those women aged 40 years and above who obtain mammography screening at a stationary facility. The BPBCC was chosen as a representative stationary facility for comparing the Bonnie's Bus women because it is the largest mammography screening stationary facility in the state, and 60 % of its coverage area overlaps with the Bonnie's Bus coverage area.
Methods

Settings
Study Design and Participants
This research study used a cross-sectional study design. Participant cohorts were comprised of women throughout WV who utilized mammography screening on Bonnie's Bus in 2009-2011 or those who had mammography screening at the BPBCC at least once in the past 10 years and completed the study survey.
Out of a total of 2,447 women who utilized Bonnie's Bus mammography services, 1,313 women consented to participate in the survey. Out of these 1,313 women, six women did not report age, seven women did not report time since last mammogram, and seventy-nine women already had a mammogram on Bonnie's Bus prior to the documented visit and hence were not included in the sample. Sixty women were under the age of 40 years and were not included in the study to be consistent with average risk mammography screening guidelines, which recommends mammography screening in women age 40 years and above [25] [26] [27] . Therefore, the final sample size for the Bonnie's Bus cohort was 1,161 (50.6 %).
Out of a total of 16,687 women who utilized BPBCC to get a screening mammogram and did not need further evaluation, 2,505 women were randomly selected and invited to participate in the study and complete the survey. As the data was not being collected at the time of the mammography screening visit but after the visit, women who had additional evaluation following their screening may have attitudes and knowledge that may be significantly different as a result of that screening test and therefore were excluded. Out of these 2,505 women contacted, 246 women did not receive the survey due to improper address, and four women died during the ten-year period. Thus, these women were not included in the study. Hence, a total of 2,255 women were presumed to have received the survey. Out of these, 1,104 women (49.0 %) completed and returned the survey which comprised the final size for the BPBCC cohort.
Survey Instrument
Data were collected using the West Virginia University Institutional Review Board (WVU-IRB) approved Mammography Screening and Preventive Care Survey from women who utilized Bonnie's Bus and those who utilized the BPBCC to get a mammogram. The details about the survey development and its validation are explained elsewhere [24] .
Survey Administration and Data Collection
Women who utilized Bonnie's Bus to get a mammogram were provided study information and were asked to participate in the research survey. Women agreeing to participate were required to sign a consent and Health Insurance Portability and Accountability Act form before completing the survey. The consent form was used to seek their consent to use their survey data for research, and also contact them, if necessary, for the current or any other study for which they may be eligible in the future.
A survey, a cover letter, and a prepaid business reply envelope from the Medical Director of BPBCC were sent to the 2,505 randomly selected women who had been screened at the BPBCC at least once in the previous 10 years. After 3 weeks, a second mailing of the survey was sent to those who had not responded to the first mailing to maximize response rate. Those who completed and returned the survey were assumed to have given their consent to participate in the study. A $5 giftcard was mailed to all women who completed and returned the survey to acknowledge their participation and time.
Dependent Variable-Type of Mammography Screening Facility
The main outcome of interest was the type of mammography screening facility used by women age 40 years and above to get a mammogram. It was dichotomized into mobile mammography unit (Bonnie's Bus) and stationary screening facility (BPBCC).
Independent Variables
Adherence to mammography screening guidelines, categorized as adherent and non-adherent, was used for both study cohorts. Various socio-demographic variables included age, education level, and employment status; and health-related variables included body mass index (BMI), smoking status, and alcohol consumption. Several variables such as household income, health insurance, visit to physician in the past year, visit to an OB/GYN in the past year, and delay in medical care due to transportation were also utilized. Variables related to health and medical history such as family history of BC, breast problems in the past, breast biopsy in the past, adherence to CBE, adherence to Pap test, and adherence to routine screening tests such as blood glucose test, bone mineral density test, cholesterol test, high blood pressure test were also included. A woman was considered adherent to CBE if she had CBE in the previous year and adherent to Pap test if she had Pap test within previous 2 years [27] . A woman who had all the four routine screening tests in the past 2 years was given a score of 4 while a woman who had not had any test in the past 2 years was given a score of 0. Perceived five-year risk and perceived lifetime risk of developing BC; views towards mammography screening; and knowledge about BC and mammography screening were assessed as well. The details of the assessment of perceived risk of developing BC, positive and negative views towards mammography screening, and knowledge about BC and mammography screening are described elsewhere [24] . Internal consistency for positive and negative views statements was evaluated using Cronbach's alpha co-efficient. For the Bonnie's Bus cohort, the Cronbach's alpha was 0.76 for the set of positive views and 0.71 for the set of negative views which indicated sufficient internal consistency. For the BPBCC cohort, the Cronbach's alpha was 0.76 for the set of positive views and 0.68 for the set of negative views, which indicated sufficient internal consistency.
Non-Response Bias Assessment
To determine whether or not women who did not participate in the study were different from women who participated, non-response bias was assessed in both the study cohorts.
The basic information on age, marital status, employment status, and health insurance coverage, BMI and if it was their first mammogram were collected from all women who utilized Bonnie's Bus. These data were used to compare responders to non-responders of the survey. The survey response rate for the Bonnie's Bus was 50.6 %. Non-respondents were significantly older (64.4 % in age group C65 years, p \ 0.0001), were single/widowed (53.9 %, p = 0.002), were unemployed (52.2 %, p = 0.001), were overweight and morbidly obese (54.0 and 51.2 % respectively, p \ 0.0001) and had some kind of insurance coverage (51.7, p = 0.007) (data not shown in tabular form).
The survey response rate for the BPBCC study sample was 49.0 %. From those who did not complete and return the survey, 400 women were randomly selected and mailed a WVU-IRB approved, brief, non-response bias assessment survey. This brief survey was developed by selecting key questions from the Mammography Screening and Preventive Care Survey. These included possible reasons for non-participation, time since last mammogram, a positive view statement about mammography screening, a knowledge item about mammography screening, and selected demographic and access related questions. Of those mailed the non-response survey, a total of 100 women completed and returned this survey. Twenty-eight women said that they misplaced the survey, and 26 % mentioned that they do not respond to mail surveys in general. Another 12 % of women indicated that they had no time to complete and mail back the survey, while 9 % mentioned other reasons for not participating in the study. Survey respondents were compared to non-respondents on the key information collected using the non-response bias assessment survey. Non-respondents were significantly more likely to be unemployed (54.0 %, p = 0.026) and had less than collegelevel education (51.0 %, p = 0.013) (data not shown in the tabular form).
Statistical Analyses
Chi square statistics for categorical variables and t tests for continuous variables were used to determine significant differences between the types of mammography facility used by women age 40 years and above to get a mammogram. Logistic regressions were also performed to analyze the relationship between types of mammography facility with all the independent variables. 'Stationary mammography facility (BPBCC)' was the reference group for the dependent variable. Resulting odds ratios and their corresponding 95 % confidence intervals are reported. The findings that are significant with p values \0.05 levels are discussed. SAS 9.3 software program was used for the statistical analyses.
Results
Results of Bivariate Analyses
The right panel of Table 1 describes the independent variables that were significantly different between women who utilized mobile mammography and the stationary mammography facility to get a mammogram. Approximately 48 % of women who utilized mobile mammography reported to be adherent to mammography screening guidelines as compared to an overwhelming 92 % among those who utilized the stationary mammography facility (v 2 = 522.057, p \ 0.0001). The average age of women who utilized mobile mammography unit was 54.5 years while that of women who utilized the stationary mammography facility was 57. Table 2 indicated the adjusted odds ratios (AOR) and 95 % confidence intervals (CI) of all the variables which predicted women's utilization of mobile mammography unit to get a mammogram. Women who got screened at the mobile mammography unit were less likely to be in age groups 50-64 years and 65 years and above as compared to women in age group 40-49 years. The adjusted odds ratio (AOR) were 0.465 (95 % CI = 0.347-0.624) and 0.232 Women who got mammography screening at the mobile mammography unit were 50 % less likely to report delayed care due to transportation problem. In addition, women who utilized mobile mammography unit were less likely to have had breast problems in the past (AOR = 0.525, 95 % CI = 0.373-0.739) or have had breast biopsy in the past (AOR = 0.609, 95 % CI = 0.453-0.819). . As suggested by previous studies, mobile mammography program may be more likely to provide mammography screening to those women who were never ever screened or who were long overdue (more than 2 years) to undergo mammography screening [30, 31] . By providing mammography screening at no cost or low cost to these women, mobile mammography programs such as Bonnie's Bus can eliminate some of the barriers to mammography screening typically experienced by lower income women residing in underserved areas. Thus, mobile mammography is useful to underserved women who may not go to a medical facility to get screened due to lack of insurance coverage or other issues, and so are at a greater risk of an advanced stage BC detection if diagnosed. Furthermore, the high mammography screening rate among women who utilized stationary facility suggests that these women may have overcome the potential barriers to mammography screening. Consistent with the previous studies, the findings indicated that mobile mammography units typically attract younger women age 40-49 years, who are not adherent to mammography screening guidelines, with lower annual household income, and no health insurance coverage [30, 31] . Women who utilized mobile mammography did not visit their doctor or OB/GYN in the past year, and were adherent to Pap test but not adherent to CBE and routine screenings. This indicates that younger women age 40-49 years may be more concerned about the Pap test than mammography screening or CBE or other routine screenings. In addition, women with higher knowledge about mammography screening were more likely to get screening at the mobile mammography unit. This indicates that though these women have higher knowledge concerning the importance of mammography screenings, they may not get screened at the stationary facility due to lack of health insurance coverage and other financial constraints. Interventions around mobile mammography unit, targeted at women age 50 and above who have financial and insurance problems, and have no access to a provider may be beneficial to increase mammography screening in the rural and underserved women in WV.
Results of Multivariable Analyses
There are several limitations of the study. One limitation is the response rate; 49 % of women who utilized mobile mammography unit and 51 % of women who utilized stationary mammography facility did not complete surveys. A non-respondents analysis indicated that, compared to respondents, non-respondents for mobile mammography unit were more likely to be older, and more likely to be single/widowed, morbidly obese, as well as have insurance coverage. Moreover, non-respondents analysis for women who utilized stationary facility indicated that, compared to respondents, non-respondents were more likely to be unemployed and to have lower levels of education. Hence, these should be taken into consideration while extrapolating the findings of the study, particularly when attempting to generalize outside of WV.
Conclusions
High proportion of women who utilize mobile unit are not adherent to mammography screening guidelines thereby suggesting that the mobile mammography unit is indeed reaching a rural vulnerable population who may not routinely access preventive health services. Financial and insurance constraints, as well as access to medical care, restricted WV women from receiving mammography screening from the stationary screening facilities. In contrast, the mobile mammography unit served the rural and underserved women in WV by offering low-cost or free-of-cost services.
